There is evidence of greater cognitive deficits in attention deficit hyperactivity disorder with a comorbid reading disability (ADHD/+RD) compared to ADHD alone (ADHD/−RD). Additionally, the striatum has been consistently implicated in ADHD. However, the extent of morphological alterations in the striatum of ADHD/+RD is poorly understood, which is the main purpose of this study. Based on structural MRI images, the surface deformation of the caudate and putamen was assessed in 59 boys matching in age and IQ [19 ADHD/−RD, 15 ADHD/+RD and 25 typically developing controls (TDC)]. A vertex based analysis with multiple comparison correction was conducted to compare ADHD/−RD and ADHD/+RD to TDC. Compared to TDC, ADHD/+RD showed multiple bilateral significant clusters of surface compression. In contrast, ADHD/−RD showed fewer significant clusters of surface compression and restricted to the left side. Regarding the putamen, only ADHD/−RD showed significant clusters of surface compression. Results demonstrate for the first time a greater extent of morphological alterations in the caudate of ADHD/+RD than ADHD/−RD compared to TDC, which may suggest greater implicated cortical areas projecting to the caudate that are associated with the greater neuropsychological impairments observed in ADHD/+RD.
Introduction
Attention deficit hyperactivity disorder (ADHD), which is marked by atypical levels of inattention, hyperactivity and impulsivity (American Psychiatric Association, 2000) , is one of the most commonly diagnosed psychiatric disorders in children with a prevalence of approximately 4-8% worldwide (American Psychiatric Association, 2000; Faraone et al., 2003; Polanczyk et al., 2014; Thomas et al., 2015) . The etiology of ADHD or the extent of neuro-morphological alterations in ADHD is not fully understood. Of particular interest is the basal ganglia or specifically the striatum (caudate and putamen) because of its critical role as a hub in receiving inputs from various cortical areas. These corticostriatal projections are part of larger cortico-striato-thalamo-cortical networks such as the limbic, associative and sensorimotor pathways (Haber and Calzavara, 2009; Haber and Knutson, 2010) , which have all been implicated in ADHD. Additionally, the mapping of these cortical projections to the striatum is highly organized topographically with the ventral portion of the striatum associated to reward/motivation processing, the head and body of the caudate subserving executive functions, attention and cognitive control, and the putamen primarily related to planning, control and execution of motor functions (Draganski et al., 2008; Haber and Calzavara, 2009; Haber and Knutson, 2010; Leh et al., 2007; Lehericy et al., 2004) . Therefore, investigating where along the structural surface of the striatum deviations occur in ADHD compared with typically developing controls (TDC) provides greater insight over conventional volume studies with respect to identifying which corticostriatal projections and related functional role may be implicated in ADHD.
To date, there have only been three studies investigating surface deformation of the striatum in ADHD children. In general, all three studies show surprisingly consistent results of areas of surface compression in the left head and body portion of the caudate and compressed surface areas in the right body and tail portion of the caudate in ADHD children and adolescents compared with TDC (Qiu et al., 2009; Shaw et al., 2014; Sobel et al., 2010) . The putamen is implicated in all three studies with compressed deformation along the anterior, middle and posterior portions with greatest effects on the left
